Introduction {#sec1-1}
============

Ventricular tachyarrhythmia is a negative prognostic factor in patients with myocardial infarction and post-infarction left ventricular aneurysm (PI-LVA) formation ([@ref1]). Adverse ventricular remodeling in PI-LVA patients results in progressive ventricular dilation and subsequent contractile dysfunction, both of which are arrhythmogenic substrates. Endothelin-1 (ET-1) is an endothelium-derived vasoconstrictor peptide that is produced under conditions of inflammation, neurohormonal activation, hypoxia, and vascular stress ([@ref2]). ET-1 is an endogenous arrhythmogenic substance ([@ref3]-[@ref5]) and may elicit severe ventricular arrhythmias. However, there is limited evidence regarding the relationship between plasma ET-1 levels and the presence of ventricular tachyarrhythmia in PI-LVA patients.

Due to of its rapid clearance, ET-1 has a short biological half-life in circulation. Big ET-1 is a 39-amino-acid precursor of ET-1. The half-life of big ET-1 *in vivo* is much longer than that of ET-1, and big ET-1 has been proven to be a relatively better target for the investigation of the secretory activity of the endothelial system ([@ref6]). We hypothesized that the serum concentration of big ET-1 would have an impact on ventricular tachyarrhythmia in PI-LVA patients. This study aimed to determine the association between big ET-1 levels in the plasma and ventricular tachyarrhythmia, and to investigate its prognostic value in PI-LVA patients.

Methods {#sec1-2}
=======

Study population {#sec2-1}
----------------

A total of 513 patients diagnosed with PI-LVA by coronary angiography between January 2012 and September 2016 in our single center were initially considered for enrollment in this study. Among these patients, 222 PI-LVA patients who underwent medical therapy were recruited. The presence of PI-LVA was confirmed by a history of previous myocardial infarction and an aneurysm depicted by ultrasonography examination or coronary angiography. Patients with a history of cardiomyopathy, valvular disease, congenital heart disease, and occurrence of acute myocardial infarction (AMI) within the past 8 weeks were excluded. Patients with ventricular tachycardia/ventricular fibrillation (VT/VF) occurring within 48 hours of the AMI symptom onset were also not included in this study. VT/VF was defined as tachycardia of ventricular origin lasting for more than 30 seconds or complete hemodynamic instability, which was either self-terminated or required pharmacological/electrical cardioversion due to hemodynamic collapse. This study was approved by the Institutional Review Board Central Committee of our hospital and the National Center for Cardiovascular Diseases, and the investigations complied with the Declaration of Helsinki. Informed written consent was obtained from all patients prior to the start of the study.

Data acquisition {#sec2-2}
----------------

The data of the enrolled patients were reviewed to determine arrhythmia findings, past medical history, and clinical management. Data on the clinical management of arrhythmia, including pharmacological treatment, catheter ablation, and implantation of an implantable cardioverter defibrillator (ICD) or cardiac resynchronized therapy cardioverter defibrillation, were also collected. Two independent reviewers evaluated all the arrhythmia-related data. The left ventricular end diastolic diameter (LVEDD) and left ventricular ejection fraction (LVEF) were determined by echocardiography during the period of hospitalization. Big ET-1, NT-proBNP, and creatinine were measured by standard biochemical tests. Patients were classified into two groups according to the median concentration of plasma big ET-1 level. We compared the risk factors for VT/VF between the two groups.

Follow-up {#sec2-3}
---------

Patients were followed up for outcomes including VT/VF attack, cardiovascular mortality, and all-cause mortality. Processes for identification and adjudication of clinical endpoints were performed, including a review of medical records and follow-up phone calls with the patients. Mortality was classified into cardiovascular and non-cardiovascular, and in cases when the cause of death was unknown or unwitnessed, a cardiac cause was assumed. A VT/VF attack was defined as recorded tachycardia of ventricular origin, with appropriate ICD shocks or external cardioversion during the follow-up period.

Statistical analysis {#sec2-4}
--------------------

Continuous variables were expressed as the mean ± standard deviation and compared using the two-sample Student's t-test and analysis of variance. Categorical variables were expressed as frequencies with percentages and compared by the χ^2^ or Fisher's exact test. Patients were grouped according to their plasma big ET-1 concentration, which was dichotomized at the median. We compared the risk factors for VT/VF between the two big ET-1 groups. Multiple logistic regression analyses were performed to identify variables with a significant independent association with VT/VF. Kaplan--Meier survival curves were constructed using median big ET-1. Age- and sex-adjusted Cox proportional hazard regression was used to predict each VT/VF attack, cardiovascular mortality, and all-cause mortality.

Results {#sec1-3}
=======

Population characteristics {#sec2-5}
--------------------------

This study ultimately consisted of 222 PI-LVA patients. The mean age was 58±10 years, and 191 (86%) patients were male. The median concentration of big ET-1 was 0.635 pg/mL. Baseline clinical and laboratory characteristics between those with big ET-1 concentrations below and above the median were compared ([Table 1](#T1){ref-type="table"}). No significant differences were observed between the two groups with reference to age and sex. Patients with big ET-1 concentrations above the median were associated with an increased proportion of VT/VF presence (30% vs. 8%, p\<0.001) and higher concentrations of NT-proBNP (1887 pg/mL vs. 1197 pg/mL, p\<0.001). Echocardiographic characteristics of the study populations showed enlarged LVEDD and decreased LVEF in patients with big ET-1 concentrations above the median. The proportions of patients taking angiotensin-converting enzyme inhibitors/angiotensin receptor blockers, spironolactone, beta-blocking agents, and statins were comparable between the two groups.

###### 

Baseline characteristics of patients with big ET-1 levels at above and below the median concentration

                            All patients n=222   Big ET-1≤ median n=111   Big ET-1\> median n=111   *P* value
  ------------------------- -------------------- ------------------------ ------------------------- -----------
  Age (years)               58±10                57±9                     58±11                     0.165
  Males (n)                 191 (86)             97 (87)                  94 (85)                   0.699
  Hypertension (n)          99 (89)              50 (45)                  49 (44)                   0.5
  DM (n)                    60 (27)              20 (18)                  40 (36)                   0.004
  NYHA class III-IV (n)     71 (32)              27 (24)                  44 (40)                   0.021
  LVEDD (n)                 60±8                 59±7                     60±8                      0.720
  LVEDD\>60 (n)             99 (45)              43 (39)                  56 (50)                   0.052
  LVEF (%)                  38±8                 40±8                     37±9                      0.077
  LVEF\<35% (n)             61 (27)              23 (21)                  38 (34)                   0.035
  VT/VF (n)                 43 (19)              9 (8)                    34 (30)                   \<0.001
  NT-proBNP (pg/mL)         1539±1268            1197±919                 1887±1469                 \<0.001
  Creatinine (µmol/L)       97±20                90±23                    103±16                    0.127
  AF/AFL (n)                20 (9)               11 (10)                  9 (8)                     0.815
  Multivessel disease (n)   99 (45)              52 (47)                  47 (42)                   0.589
  Moderate/severe MR (n)    90 (41)              40 (36)                  50 (45)                   0.218
  ACEI/ARB (n)              190 (86)             98 (88)                  92 (83)                   0.788
  Statins (n)               172 (77)             82 (74)                  90 (81)                   0.361
  Beta-blockers (n)         195 (88)             102 (92)                 93 (84)                   0.392
  Spironolactone (n)        198 (89)             98 (88)                  100 (90)                  0.833

DM - diabetes mellitus, NYHA - New York Heart Association classification, LVEDD - left ventricular end diastolic dimension, LVEF - left ventricular ejection fraction,

VT/VF - ventricular tachycardia/ventricular fibrillation, AF/AFL - atrial fibrillation/atrial flutter, MR - mitral regurgitation, ACEI/ARB - angiotensin-converting enzyme inhibitors/angiotensin receptor blockers

Big ET-1 and the presence of VT/VF {#sec2-6}
----------------------------------

A positive correlation was found between big ET-1 and VT/VF (r=0.354, p\<0.001), NT-proBNP (r=0.509, p\<0.001), New York Heart Association (NYHA) class III-IV (r=0.215, p=0.001), mitral regurgitation (r=0.159, p=0.018), DM (r=0.200, p=0.003), and AF (r=0.176, p=0.008) ([Table 2](#T2){ref-type="table"}). A negative correlation was found between big ET-1 and LVEF (r=-0.181, p=0.007, [Table 2](#T2){ref-type="table"}). In the univariate logistic regression analysis, NT-proBNP, NYHA class III-IV, mitral regurgitation, multivessel disease, LVEF, and big ET-1 were significantly correlated with the presence of VT/VF. Data from multiple analysis ([Table 3](#T3){ref-type="table"}) suggested that apart from several factors, big ET-1 above the median remained an independent predictor of VT/VF (OR=4.06, 95% CI: 1.77-9.28, p=0.001).

###### 

Correlation between a big ET-1 level and other variables

                        All patients   
  --------------------- -------------- ---------
  VT/VF                 0.354          \<0.001
  LVEDD                 0.066          0.328
  LVEF                  -0.181         0.007
  NT-proBNP             0.509          \<0.001
  NYHA class III-IV     0.215          0.001
  Moderate/severe MR    0.159          0.018
  Multivessel disease   0.029          0.670
  Male sex              0.055          0.414
  Age                   0.035          0.603
  DM                    0.200          0.003
  AF                    0.176          0.008

VT/VF - ventricular tachycardia/ventricular fibrillation, LVEDD - left ventricular end diastolic dimension, LVEF - left ventricular ejection fraction, NYHA - New York Heart Association classification, MR - mitral regurgitation, DM - diabetes mellitus,

AF - atrial fibrillation

###### 

Logistic regression analysis for variables predicting VT/VF development

  Variables             Univariate analysis   Multiple analysis                      
  --------------------- --------------------- ------------------- ------------------ -------
  Big ET-1              5.24 (2.46-11.1)      \<0.001             4.06 (1.77-9.28)   0.001
  Big ET-1\>median      5.00 (2.27-11.0)      \<0.001                                
  NT-proBNP             1.00 (1.00-1.01)      \<0.001                                
  NYHA class III-IV     5.18 (2.56-10.5)      \<0.001             4.32 (1.83-10.2)   0.001
  LVEF                  0.94 (0.90-0.98)      0.003                                  
  LVEF≤35%              2.58 (1.29-5.17)      0.007                                  
  LVEDD                 1.08 (1.03-1.13)      0.001                                  
  LVEDD\>60             3.68 (1.80-7.54)      \<0.001             3.14 (1.32-7.49)   0.022
  Multivessel disease   0.47 (0.23-0.96)      0.037                                  
  Moderate/severe MR    2.16 (1.10-4.24)      0.025                                  

NYHA - New York Heart Association classification, LVEF - left ventricular ejection fraction, LVEDD - left ventricular end diastolic dimension, MR - mitral regurgitation

Big ET-1 and incident VT/VF attack, cardiovascular mortality and all-cause mortality {#sec2-7}
------------------------------------------------------------------------------------

Follow-up was completed for all patients. The median follow-up period for the entire study group was 40±15 months (range: 1--67 months). During the follow-up, 29 patients (29/222, 13%) had VT/VF attacks, 38 (38/222, 17%) patients died, and 36 patients (36/222, 16%) died from cardiovascular reasons. In cumulative hazard K-M analyses, big ET-1 concentrations above the median were associated with an increased risk of incident VT/VF attack (log-rank p=0.016), cardiovascular mortality (log-rank p=0.043), and all-cause mortality (log-rank p=0.049) ([Fig. 1](#F1){ref-type="fig"}). In Cox regression models adjusted for clinical variables and other prognostic biomarkers, big ET-1 concentration was predictive of VT/VF attack (OR=2.5, 95% CI 1.4--4.5, p\<0.001). LVEF≤35% was another independent predictive factor of VT/VF attack ([Table 4](#T4){ref-type="table"}). In contrast, big ET-1 showed no clear association with cardiovascular mortality and all-cause mortality. Univariate analysis revealed that big ET-1 (p=0.008), NT-proBNP (p=0.008), LVEDD ≥60 mm (p=0.022), LVEF ≤35% (p=0.008), NYHA class III-IV (p=0.050), and moderate/severe MR (p=0.005) were independent predictors of cardiovascular mortality and all-cause mortality ([Table 4](#T4){ref-type="table"}). On multiple analysis, NT-proBNP and LVEF ≤35% were demonstrated to be independently correlated with a favorable clinical outcome.

###### 

Cox regression analysis of VT/VF attack, cardiovascular mortality, and all-cause mortality in 222 PI-LVA patients

                         VT/VF attack    Cardiovascular mortality   All-cause mortality                                                                                                   
  ---------------------- --------------- -------------------------- --------------------- ------ --------------- -------- --------------- ------ --------------- -------- --------------- --------
  Big ET-1               2.8 (1.7-4.9)   \<0.01                     2.5 (1.4-4.5)         0.00   2.3 (1.4-3.5)   \<0.01                          2.2 (1.4-3.4)   \<0.01                   
  Big ET-1\>median       2.6 (1.2-5.7)   0.02                                                    2.1 (1.0-4.2)   0.05                            2.0 (1.0-3.9)   0.05                     
  NT-proBNP              1.0 (1.0-1.0)   0.02                                                    1.0 (1.0-1.0)   \<0.01   1.0 (1.0-1.1)   0.00   1.0 (1.0-1.2)   \<0.01   1.0 (1.0-1.2)   \<0.01
  LVEDD                  1.0 (1.0-1.1)   0.02                                                    1.1 (1.0-1.2)   \<0.01                          1.1 (1.0-1.1)   \<0.01                   
  LVEDD\>60              3.0 (1.3-6.6)   0.01                                                    2.6 (1.3-5.1)   0.01                            2.5 (1.5-4.8)   0.01                     
  LVEF                   0.9 (0.9-1.0)   0.04                                                    0.9 (0.9-1.0)   0.01                            0.9 (0.9-1.0)   \<0.01                   
  LVEF≤35%               3.2 (1.6-5.9)   \<0.01                     2.4 (1.1-5.4)         0.02   2.5 (1.3-4.9)   0.01     2.2 (1.1-4.4)   0.02   2.3 (1.2-4.4)   0.01     1.1 (1.0-1.1)   0.03
  NYHA class III-IV      2.2 (1.0-4.7)   0.04                                                    2.6 (1.4-5.1)   0.01                            2.6 (1.4-4.9)   \<0.01                   
  Mitral regurgitation   2.0 (0.9-4.2)   0.06                                                    2.7 (1.4-5.4)   0.01                            2.6 (1.4-5.1)   0.01                     

VT/VF - ventricular tachycardia/ventricular fibrillation, LVEDD - left ventricular end diastolic dimension, LVEF - left ventricular ejection fraction, NYHA - New York Heart Association classification

![K-M analyses for incident VT/VF attack, cardiovascular mortality and all-cause mortality.\
K-M analyses dichotomized by median big ET-1 concentration showed that higher big ET-1 concentrations were associated with a higher risk of incident VT/VF attack (log-rank *P*=0.016), cardiovascular mortality (log-rank *P*=0.043) and all-cause mortality (log-rank *P*=0.049)](AJC-22-256-g001){#F1}

Discussion {#sec1-4}
==========

Plasma concentrations of big ET-1 were increased in PI-LVA patients. The present study demonstrated the correlation between big ET-1 and VT/VF prevalence in PI-LVA patients who underwent medical therapy. We showed that big ET-1 levels above the median were positively associated with the presence of VT/VF at the time of hospital admission, and plasma big ET-1 levels were an independent risk factor for VT/VF attack during the follow-up period.

Big ET-1 and ventricular tachycardia {#sec2-8}
------------------------------------

Big ET-1 is a precursor protein and is thought to be more stable in circulation than ET-1. Big ET-1 may play an important role in the pathogenesis of cardiovascular diseases through several processes, including vasoconstriction, proinflammatory actions, proliferative effects, and free radical formation ([@ref7]). The relation between big ET-1 and arrhythmogenesis has attracted considerable research interest. This study demonstrated a positive association between big ET-1 and VT/VF at admission, and plasma big ET-1 levels independently predicted VT/VF attack during follow-up. Several possible mechanisms account for these findings.

First, cardiac sympathetic nerves are injured after myocardial infarction. Previous basic and clinical studies have suggested the importance of sympathetic activation in the development of lethal ventricular arrhythmias, and inhomogeneity in myocardial sympathetic innervation is vulnerable to arrhythmic death ([@ref8]). The PAREPET study showed that sympathetic denervation predicts SCD independently of LVEF and infarct volume ([@ref9]). A clinical study ([@ref10]) reported an increase in plasma ET-1 levels in patients with sympathetic activation. Experimental data ([@ref11]) demonstrated that ET-1 plays a prominent pathophysiological role in the process of norepinephrine release from sympathetic nerve endings. Through an ET-1-mediated pathway, failing cardiomyocytes can induce nerve growth factor (NGF), which is critical for sympathetic nerve sprouting ([@ref12]). The upregulation of NGF and enhanced myocardial nerve sprouting were suggested to cause a dramatic increase in SCD, which resulted in a high incidence of ventricular tachyarrhythmias ([@ref13], [@ref14]).

Second, the regulatory action of ET-1 on ion currents has been demonstrated by cellular studies. ET-1 inhibited the L-type calcium current and the delayed the rectifier potassium channel ([@ref15]). The action of ET-1 on the transient outward current (Ito) may promote the occurrence of early afterdepolarizations under certain conditions ([@ref16]). Third, an additional mechanism of ET-1-mediated arrhythmogenesis may occur through the effects of ET-1 on gap junctions. An *in vitro* study ([@ref17]) examined the impulse conduction of neonatal rat ventricular cardiomyocytes and showed a reduction in conduction velocity and gap junctional remodeling after exposure to ET-1. As stated above, the interaction between big ET-1 and sympathetic activation/innervation and the complex electrophysiological actions of big ET-1 on ion channels and gap junctions suggested an important pathophysiological role of big ET-1 in the genesis of VT/VF.

Big ET-1 and clinical outcome {#sec2-9}
-----------------------------

In accordance with previous studies, the results of our study indicated that NT-proBNP ([@ref18], [@ref19]) and LVEF≤35% ([@ref20]) were independent predictive factors of clinical outcome in patients post-myocardial infarction. However, big ET-1 is not one of the independent predictors of cardiovascular mortality or all-cause mortality in PI-LVA patients, although this study showed that increased big ET-1 was associated with worse LVEF, enlarged LVEDD, and elevated plasma NT-proBNP levels.

Big ET-1 levels were reported to be increased in heart failure ([@ref21]) and ischemia ([@ref22]) patients. ET-1 increases myocardial necrosis and arrhythmogenesis in myocardial infarction. In the chronic post-infarction phase, ET-1 increases the left ventricular afterload and participates in the myocardial fibrotic process. As a consequence, ET-1 is predictive of a poor clinical prognosis ([@ref23], [@ref24]). A meta-analysis ([@ref25]) also showed that increased plasma levels of big ET-1 in heart failure populations were associated with poor prognosis or mortality. However, in comparison to natriuretic peptides, the prognostic importance of ET-1 has been mixed. NT-proBNP was recommended by current guidelines as the biomarker with the strongest prognostic value for heart failure ([@ref26]). Masson et al. ([@ref24]) reported that in a large population of patients with symptomatic heart failure, the circulating concentration of big ET-1 was an independent marker of mortality and morbidity, but BNP remained the strongest neurohormonal prognostic factor. Unlike existing studies, the results from this study did not suggest a prognostic significance of big ET-1 in PI-LVA patients. Delta changes in big ET-1 concentrations over time may further improve prognostic significance.

Study limitations {#sec2-10}
-----------------

Several limitations should be taken into consideration in this study. The major limitation was the observational retrospective study design, which may have let to selection bias, however, multiple Cox regression analysis was used to minimize residual confounding. Our results were obtained from a moderate sample size and further studies with larger cohorts of patients might provide more precise insights into the predictive value of big ET-1 on the presence of VT/VF and its prognostic implications. In addition, it is unknown whether these results are applicable for longer follow-up durations, considering that adverse clinical outcomes in PI-LVA patients tended to aggregate over time.

Conclusion {#sec1-5}
==========

Increased big ET-1 concentrations in PI-LVA patients were shown to be significantly associated with the presence of ventricular tachyarrhythmia. We concluded that big ET-1 is a valuable independent predictor of VT/VF attacks. The results of this study may be of clinical interest since the assessment of big ET-1 could improve risk stratification and provide new insights into biomarker-guided targeted therapies for VT/VF.
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